Introduction

60
Soil moisture (SM), through its direct limiting effect on surface latent heat flux (LH), 61 modulates feedbacks between the land surface and the lower atmosphere (Koster et relationship between SM and surface LH, this coupling can significantly affect terrestrial 64 water, energy, and biochemical cycles in a changing climate (Seneviratne et al., 2010 (Seneviratne et al., , 2013 .
65
Despite the widespread application of land surface models (LSMs) to conceptually diagnose 
70
The limiting effect of SM on LH is generally characterized as a first-order causal 
114
where and are temporally-constant additive and multiplicative biases, and is zero-115 mean random error which is independent of the truth , i.e., error orthogonality. Based on 116 these assumptions, the variances and the covariances for the three datasets can be written 117 as: variance, respectively. In TC applications, the three datasets are usually assumed to have 122 mutually independent errors and therefore � , � = 0 when ≠ . Thus, from (2) and
123
(3), the true signal variance (using one dataset as a reference) and random error variances 124 of each dataset can be derived as:
[ , ] 
144
where ≠ ≠ and ≠ ≠ . The advantage of (8), as opposed to the direct sampling of 145 2 between any two SM and LH products, is that (8) is unbiased in the presence of random 146 observational errors. Therefore, it provides a means for estimating true coupling strength 147 between SM and LH using error-prone data (e.g., remote-sensing retrievals of and ).
148
A more detailed derivation for (8) can be found in Crow et al. (2015) .
149
Note that an arbitrary "reference pair" of and products is applied within the Table 1 ). First, all RS-based SM and LH retrievals were spatially resampled onto a regular 268 0.25° grid, and 1.00° LSM-based fluxes were spatially downscaled onto the same 0.25° grid.
269
Second, due to their limited soil penetration capability, remotely-sensed SM retrievals depict 
536
RS-based products are usually subject to random errors originated from instrument 537 sensitivity, sensor calibration, retrieval physics and parameterization (Congalton, 1991) . products (see Appendix A for details).
580
As described in Section 2.5, the sensitivity of our final TC-based coupling results to 581 this spread is minimized here through our use of a median operator to summarize a single 582 result from across all eight possible reference pair choices. Specifically, four out of the eight 583 reference pairs are based on either LSM-based LH or SM products (as described in Section 584 2.5) and can potentially lead to biased higher estimates of SM/LH coupling strength in (8).
585
On the contrary, the other four (biased lower) estimates are obtained using RS-based 
625
Using the TC-based robust estimate, several important conclusions can be drawn.
626
First, it is found that with the existence of random measurement errors, RS-based coupling results, lending credibility to our conclusions.
646
One obvious limitation here is our focus on a set of relatively dated LSM versions 647 provided by the GLDAS-1 project. This is particularly for CLM which has evolved from CLM 
